Objective: To compare the clinical utility of the different imaging techniques used for the evaluation of tracheobronchial diseases.
normality of central airways underwent spiral thin-section CT scanning with 3-D SSD imaging. In 41 of the 126, all chest radiographs and routine thick-section CT, thin-section spiral CT, MPR and 3-D SSD images were available. This retrospective study was based on these 41 cases.
Fifteen of the patients were men and 26 were women, and they were aged between 21 and 71 (mean, 45) years. The final diagnoses were endobronchial tuberculosis (n = 18), bronchogenic carcinoma (n = 10), congenital abnormality (n = 3), post-operative stenosis (n = 2), and others (n = 8), conditions which were confirmed either histopathologically or clinically.
In 33 cases, chest radiographs were obtained using a film-screen system and the high-voltage technique, and in eight, by means of computed radiography. For all spiral CT examinations, a Somatom Plus-S or Plus 4 scanner (Siemens Medical Systems, Erlangen, Germany) was used, while for routine CT (RCT) scans, the spiral technique (8-10-mm collimation, pitch of 1) was employed. Scan parameters for thin-section spiral CT (TCT) scans were 2 3-mm collimation, 4-mm table feed, and 1 2-mm reconstruction interval. Intravenous contrast medium was used in all cases involving RCT scanning, and in 25 involving TCT. For this modality, the length of the z-axis was 9 20 cm, and all such scans were obtained during a single breath hold. Axial images were obtained at both mediastinal window setting (window width 300 400 HU, window level 0 40 HU) and lung window setting (window width 1300 1500 HU, window level -650 to -750HU).
The TCT data were used to create both MPR and SSD images on the CT workstation. In all cases, coronal and sagittal MPR images were obtained along the long axis of the trachea (Fig. 1A) , and in selected cases, oblique or curved reformatted images (Fig. 1B) were added. In all cases, MPR images were obtained at mediastinal window setting (window width 300 400 HU, window level 0 60 HU), and in selected cases at lung window setting (window width 1400 1800 HU, window level -470 to -600 HU).
SSD images were obtained using double threshold voxel selection (5); the lower threshold was -700 HU, and the upper was between -200 and -250 HU. In 25 cases, SSD images were edited to remove unnecessary lung parenchymal structures, using the cutting facility of the 3-D package (Fig. 2) . In the remaining 16 cases (including all five of left upper lobar lesions), images were preprocessed with slice by slice editing to remove unwanted volumetric image data (Fig. 3) . Three-dimensional images were obtained at a window width of 300 HU and window level of 900 1100 HU.
In each patient, chest radiographs RCT, TCT, 2-D MPR, and SSD images were retrospectively evaluated by two chest radiologists (Q.C., J-G.I), who reached a consensus. Images obtained by means of various techniques were analyzed for detectability, localization, extent, and characterization of the lesion, information on its relationship with adjacent structures, and overall information. Each feature 
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was graded on a five-point scale: score 0, no information; 1, poor; 2, fair; 3, good; and 4, excellent. For statistical analysis, Wilcoxon's matched-pairs signedranks test was used. A p value of less than 0.05 was considered statistically significant.
RESULTS
Lesions involved the trachea (n=8), right main bronchus (n =2), left main bronchus (n=8), bronchus intermedius (n=7), right main bronchus and bronchus intermedius (n=2), trachea and right main bronchus (n=2), trachea and left main bronchus (n=5), left upper lobar bronchus (n=5), and trachea and both main bronchi (n=2). All but three Note. NS = not significant, RCT = routine CT, TCT = thin-section spiral CT, MPR = multiplanar reconstruction imaging, SSD = shaded surface display imaging cases of congenital abnormality showed narrowing of airways. Lesions of the tracheobronchial tree varied from mild narrowing to complete obstruction, and from focal stenosis to diffuse narrowing. The mean scores of various techniques are summarized in Table 1 , and the statistical differences between various pairs of techniques (permutations of RCT, TCT, MPR, and SSD) are summarized in Table 2 .
In general, in evaluating tracheobronchial disease, chest radiographs showed low values. In cases of pneumonectomy or lesions at the level of the thoracic inlet, a score of 3 for localization and for detection was obtained in only two and four cases, respectively (Fig. 4) . In terms of detection, localization, extent, relationship, characterization, and overall information, chest radiographs were significantly inferior to RCT, TCT, MPR, and SSD (p < 0.0001).
For detection and localization of the lesion, SSD had the highest score, and was significantly superior to other CT techniques. It was inferior to TCT in only one case, in which the lesion was seen as a mild irregularity of the right main bronchus (Fig. 5 ). For MPR, the score was between that of TCT and SSD, and in34 cases (83%), the score for RCT was 3 or 4. Due to the small size of the endotracheal lesion, one case of RCT had a score of 1.
With regard to extent, in 39 cases (95%), the score for RCT was 2 or 3. For TCT, a score of 3 or 4 was achieved in 37 cases (90%), and for both MPR and SSD, one of these = 4) . B. SSD image shows subtle irregularity (arrow) in the right main bronchus (score for detection = 2).
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scores was obtained in 40 cases (98%) (Fig. 6) . Thus, SSD was significantly superior to other techniques (Fig. 7) . SSD provided information about airways, but none with which to evaluate the relationship between abnormalities and adjacent structures (Fig. 8A) . For this modality, a score of 2 was assigned in 37 cases (90%), while for RCT and MPR, a score of 3 or 4 was deemed appropriate in 40 cases (98 %) (Fig. 8) . For TCT, the score in all 41 cases was 3 or 4, and in assessing relationship of a lesion with adjacent structures, this technique was thus significantly superior to the others. There was no significant difference between RCT and MPR.
As regards characterization of a lesion, TCT and MPR were assigned a score of 3 or 4 in 39 cases (95%). TCT had the highest mean score, and was significantly superior to RCT and SSD.
In terms of overall information, SSD was regarded as significantly more informative than other modalities. In 40 cases (98 %), the score for TCT, MPR and SSD was 3 or 4.
DISCUSSION
High voltage chest radiography is cheap but still not sensitive enough to accurately evaluate airway stenoses (8) . Although chest radiography remains in use for initial imaging of diseases of the chest, our study showed that the results obtained provided poor information with which to evaluate the tracheobronchial tree. When a lesion is located in the extrathoracic or proximal trachea, the modality may, however, provide certain valuable information, and it is also useful in excluding pulmonary disease or providing additional important lung-related data with which to evaluate tracheobronchial diseases.
As previously emphasized in the literature, an endobronchial tumor located in the central airway can be missed on conventional CT, particularly on 10-mm thicksection CT scans (6, 7). A spiral CT scanner can acquire a set of volumetric data during a single breath hold, and effectively obviates misregistration caused by varying depths of respiration between scans. In our study, all RCT involved the use of spiral CT, but even so, a small endotracheal lesion was missed. This was, however, clearly demonstrated by TCT, MPR, and SSD, the last of which was found to be most informative with regard to lesion detection. Lee et al. emphasized that the acquisition of SSD images led to no significant improvement in lesion detection (9) . Transverse imaging, however, has an inherent limitation, and mild airway changes, especially those without
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wall thickness, may be missed. MPR was relatively less informative than SSD in detecting airway lesions. As Kauczor et al. emphasized, SSD images are less reliable in detecting peripheral (segmental) airway stenosis than those obtained by MPR (4). In a study by LoCicero et al., the longitudinal extent of abnormalities was best demonstrated by MPR and SSD images, whereas the transverse extent of disease and relationships to adjacent structures were most clearly revealed by axial CT (3). In this study, SSD proved to be the best technique for localizing tracheobronchial lesions. In this respect, RCT was less informative than TCT, MPR and SSD images, especially in the localization of a lesion close to the bilateral second carina. The partial volume effect of RCT may account for this difference.
It has been widely accepted that MPR and SSD images provide more accurate assessment of the extent of tracheobronchial narrowing than axial images (6, 9) , particularly in the case of a lesion located in the left main bronchus, and in our study, SSD was the most informative modality for evaluating the extent of an airway lesion. MPR has been shown to be more precise than axial imaging in demonstrating the length of a stricture, especially when the lesion gradually narrows or, is located obliquely (1, 3, 9) . Because the structure of the tracheobronchial tree is geometrically complex, SSD imaging is particularly useful in this respect. Accurate assessment on the basis of single plane images such as those obtained by TCT or MPR is difficult; curved reformation, though, is able to render complex 3-D structures in a single flat plane and may be of value in identifying the course of an extremely tortuous airway (10) . Such reformation to some extent distorts the true anatomical relationship, however, and may even generate an artificial lesion. SSD provides the most reliable information on the extension of airway lesions, and using a state-of-the-art CT scanner, takes only slightly longer to process than MPR, especially in cases involving irregular or asymmetric airway narrowing.
When a single or double threshold is used, only a few voxels are visible, and for this reason, a limitation of SSD imaging is that the technique fails to provide information with which to evaluate the relationship between an abnormality and adjacent structures. Our experience has shown, however, that when the volume-rendering technique is used, 3-D imaging can display airway narrowing and adja- show an outpouching lesion at the anastomotic site (arrow). For these three techniques, the respective score for relationship was 0, 4, and 3, respectively.
cent major vessels or soft tissue mass, as well as providing a lymph node map. Using special software, Boisell et al. produced high-quality volume-rendering 3-D images of airways and lymph nodes against a background of spiral CT data (11) . A study by Higgins et al. also included modified SSD images showing the complex geometry of the major airways, aorta, and a tumor (12) . TCT preserves CT attenuation and has high spatial resolution, and in our study it therefore provided the best information for the evaluation of the relationship between abnormalities and adjacent structures. MPR may occasionally provide additional information in some regions such as the aortopulmonary window, and because it can render all image data, is superior in displaying both adjacent structures of the airway and peripheral structures. In this study it was, however, less informative than TCT and RCT, and was also relatively poor in evaluating the relationship between bilateral main bronchial lesions and adjacent structures. The main reason for this may be its lower longitudinal resolution. MPR, and particularly SSD, images can help provide a global understanding of tracheobronchial status, and we speculated that this is why both imaging techniques showed good grades for overall information. Such images are very useful in the diagnosis of congenital airway abnormalities. SSD images usually depict the inner border of an airway instead of the true wall of the tracheobronchial tree, and their characterization of tracheobronchial lesions is therefore relatively poor; they merely demonstrate patterns of airway narrowing. Because it has better spatial resolution than RCT, TCT was the most informative modality, and its characterization of bilateral main bronchial lesions, was superior to MPR.
In conclusion, SSD and MPR were superior for the detection, localization, and evaluation of the extent of airway disease, such images were especially useful in the preparation of endobronchial procedures and in surgical planning. RCT alone cannot adequately evaluate tracheobronchial disease, and in the detection, localization, and determination of the extent of lesions, the evaluation of their relationship with adjacent structures, and characterization of airway disease, was less accurate than TCT. For the evaluation of suspected or known endobronchial abnormality, 3-D CT based on TCT is therefore the method of choice.
